Background/Purpose: Cervical spondylotic myelopathy/ossification of posterior longitudinal ligament can be treated by anterior or posterior decompression. For multiple levels, it is common to perform posterior decompression by laminoplasty. Hirabayashi described his open-door expansive laminoplasty in 1977, which soon became popular. Spring back of the lamina has always been a problem. Many methods including suturing to soft tissue, suture anchors, bone grafts, hydroxyapatite blocks, and ceramic spacers were used to prevent this problem, but with considerable failure. Recently, miniplates were used to prevent spring back. Methods: Twenty-nine consecutive patients who had underwent Hirabayashi open-door expansive laminoplasty in a single centre were recruited in this retrospective study. Miniplates were used to keep the laminae open. In addition, the spinous processes of lower cervical vertebrae were excised and used as local bone grafts to fill the gap between the cut laminae. Computerized tomography scans were performed postoperatively for all patients to assess bone union and spring back. Results: A total of 126 levels of laminoplasty and 51 local bone grafts were studied. The minimal follow-up period was 12 months. Signs of bone union were demonstrated in 123 hinges (97.6%) and 51 bone grafts (100%). No spring back was detected. The clinical outcome in terms of Hirabayashi recovery rate was 47.2%. Conclusion: Miniplates and local bone grafts are promising and effective tools for preventing spring back in cervical laminoplasty.
Introduction
Cervical laminoplasty has been a means of posterior decompression for numerous cervical conditions, such as congenital cervical canal stenosis, ossification of posterior longitudinal ligament, cervical spondylotic myelopathy, posterior compression from ligamental hypertrophy, etc. In cervical laminoplasty, a greater dimension of the spinal canal is created without disrupting the dorsal elements and, thus, maintaining posterior stability. 1, 15 Hirabayashi first introduced the method of unilateral open-door laminoplasty in 1977, 2 and it soon became popular. Traditionally, Hirabayashi used stay sutures over the spinous processes and paraspinal muscles to keep the laminae open. The problem of spring back causing reclosure of laminae was soon encountered, reporting in up to 34% of cases 3, 4 or up to 10% at 6 months. 5 Thereafter, a variety of methods were introduced to prevent spring back of the opened door. These included the use of titanium plates, suture anchors, hydroxyapatite blocks, ceramic spacers, and bone grafts, with variable outcomes. 1,6e11 The aim of our study is to look into the clinical and radiological outcomes of the use of miniplates (ARCH plates; Synthes, PA, USA) and local bone grafts in cervical laminoplasty, as well as to find out whether they are effective in preventing spring back.
Methods

Patient population
Thirty-two consecutive patients who underwent unilateral open-door laminoplasty in United Christian Hospital, between June 2011 and July 2012, were reviewed retrospectively ( Table 1 ). The diagnosis of cervical spondylotic myelopathy/ossification of posterior longitudinal ligament was made clinically and radiologically. All patients underwent magnetic resonance imaging preoperatively ( Figure 1A and B).
Patients with infection, tumours, trauma with fractures, and rheumatoid disorders were excluded. Cases with cervical spine Xrays demonstrating kyphosis were not excluded.
Surgical technique
The operation was performed by spine specialists. Patients were laid prone, with head slightly flexed with a horse-shoe support. A longitudinal midline incision was made. Paraspinal muscles were retracted off the laminae and spinous processes of C3e6 (or C7 if necessary) subperiosteally. Spinous processes of C5 and C6 (C7 as well if it was included in the laminoplasty) were identified and split in the middle by a mini-saw down to the base and then osteotomized. C5 spinous processes were sometimes too small in the Chinese population and were not suitable for use as bone grafts in this operation. The bone grafts were saved to be used at a later stage. Gutters were created in the usual manner using a high-speed burr and Kerrison rongeurs. A hinge is made on the less symptomatic side, by creating a greenstick crack leaving only the ventral cortex intact, while the lamina door is opened on the more symptomatic side by drilling through both the ventral and the dorsal cortices. The gaps of the lamina opening were measured, and the bone grafts were fashioned to fit the gap size. The bone grafts were fixed to the centre of the miniplates by screws and nonabsorbable sutures. Patients with small spinous processes, which could not be used, would have only alternate levels of the laminoplasty gaps filled with bone grafts. The miniplates with or Postoperatively, the patients were put on a soft neck collar for 8e16 weeks. Regular follow-ups were arranged for them at the outpatient spine clinic. At each follow-up, patients were assessed clinically for any upper limb symptoms, axial neck pain, C5 palsy, and recurrence of symptoms. Japanese Orthopaedic Association (JOA) scores were used for the evaluation of progress. The JOA score was used to reflect the degree of postoperative recovery of normal function. 1, 12, 13 Plain radiographs were taken to check the overall alignment at every follow-up, at 2 weeks, 1 month, and every 3 months thereafter. Computed tomography scanning of the cervical spine was arranged at 6 months or 1 year after the operation. Hinge healing was defined as the evidence of bridging bone in both the ventral and the dorsal cortices. Bone graft healing was defined as cross trabeculation seen between the bone ends. All X-rays and computed tomography scans were read by a single spinal surgery consultant (Figures 8 and 9 ). Hirabayashi recovery rate was obtained using the following equation:
Hirabayashi recovery rate ¼ (postoperative JOA score e preoperative JOA score)/(17 e preoperative JOA score) Â 100% All data were collected and coded on a spreadsheet. SPSS statistical software was used to perform statistical analyses. Wilcoxon signed rank test was employed to compare the JOA scores before and 1 year after the operation. A p value of <0.05 is statistically significant. The study was approved by the local ethics committee.
Results
Twenty-nine patients were available for analysis because two died of unrelated causes and one was a revision case. No patients were lost to follow-up.
The female-to-male ratio was of 8:21. The mean age was 66.6 years (range 42e81 years) and the minimum follow-up time was 12 months.
A total of 126 levels of laminoplasty were performed and 51 bone grafts were incorporated. The number of bone grafts used depended on their availability in the spinous processes of lower cervical spine. The mean operation time was 174.9 minutes (range 110e235 minutes).
Satisfactory decompression was achieved in all 29 cases. The mean intraoperative blood loss was 503 mL (range 50e2850 mL, standard deviation 611.5). Clinically, improvement was demonstrated in almost all patients. The mean preoperative JOA score was 8.6 and the mean postoperative JOA score was 12.7 ( Figure 10 ). The mean Hirabayashi recovery rate was found to be 47.2% (Figure 11 ). This is compatible with the results of most reports in the literature. 1, 4, 14 By Wilcoxon signed rank test, a statistically significant difference was noted between the JOA scores before and that 1 year after operation (p < 0.001).
No miniplate breakage or screw loosening was found at 1-year follow-up in all patients.
Upon radiological examination at 1 year after operation, healing at the hinges was demonstrated in 123 out of 126 levels (97.6%), while all bone grafts were incorporated (100%). Three hinges, each on a different patient, showed healing of one cortex only. No spring back was found.
Three patients had axial neck pain that resolved with conservative management. Activities of daily living were not affected. Two patients developed C5 palsy during their follow-up.
Discussion
The use of miniplates and local bone grafts is a fairly new method used for keeping the laminae door open in cervical laminoplasty. There are very few reports indicating the success rate of the use of miniplates plus bone grafts and the stability of the vertebral segments.
Spring back
Spring back is one of the most undesirable results in cervical laminoplasty. It is reported in as much as 34% of patients in Hirabayashi's suture-only open-door expansive laminoplasty 3, 4 With this conventional method, laminar closure was seen in 10% of patients at 6 months, although a hinge healing rate of 91% was achieved after 6 months. 5 In a local retrospective series in 2011, spring back was found in 10% of patients at 6 months. 25 The rate of spring back varied with subsequent modifications in techniques for holding the laminae door open. Promising results have been reported for plate-only laminoplasty in the literature. In a retrospective study, a hinge healing rate of 93% was achieved at 12 months. No spring back was reported in that series, and those who did not heal, on the basis of computed tomography results, maintained patent expansion of the spinal canal without neurological compromise. 16 Our study has found that miniplates and local bone grafts are promising in preventing spring back. The healing rates at the hinge and bone graft sites were excellent. Even when hinge healing was suboptimal or when the hinge fractured, there was no recurrence of neurological symptoms.
This study demonstrated that levels of laminoplasty with or without bone grafts healed well without spring back. Owing to insufficient samples, we could not conclude whether the use of miniplates alone is sufficient to prevent spring back or both the plates and bone grafts are needed.
Axial neck pain
Three patients (10.3%) suffered from axial neck pain postoperatively. The underlying cause of axial neck pain after laminoplasty has been unclear. It has been reported to have an incidence of up to 60e80%. 17, 18 Muscle dystrophy, after detaching the musculature around C2e7, has been connected to an increased risk of axial neck pain, and muscle-preserving laminoplasty has been reported to reduce the incidence. 19e22 Some believe in a more crucial role of the spinous process of C7, and that a disturbance in the muscle and ligaments around the C7 spinous process alone can explain the symptoms. 23 The three patients who suffered from axial neck pain in our study underwent C3e6 laminoplasty and C7 was not disturbed. The severity of pain was mild, and they were all treated conservatively. It is, therefore, hard to conclude, in such a small sample of patients, that the preservation of C7 spinous process would lead to a lower incidence of axial neck pain. We postulate with the bone graft, there is less adhesion to the dura by fibrous scar tissue and may have a benefit in lowering axial neck pain. Further study will be needed to confirm this postulation.
C5 palsy
The incidence of C5 palsy was 6.9% (2 out of 29). This is compatible with the modern literature that C5 nerve root paresis manifesting as deltoid paralysis and biceps weakness is reported to have an incidence of 3e15%. 24 Two cases had a Hirabayashi recovery rate of 0/17 at 1 year after operation. One of them is a resident of the elderly home and showed poor rehabilitation potential with general deconditioning after the operation. The other had a score of 4/17 before and 1 year after the operation.
The limitation of our study is the small sample size. The Hirabayashi recovery rate showed a considerably scattered distribution. For long-term results of miniplates in laminoplasty, a larger sample with a longer follow-up is required to find out whether miniplates are effective in preventing spring back and whether they translate into neurological symptoms.
Conclusion
The use of miniplates and local bone grafts produces good results in preventing spring back in cervical laminoplasty in patients with cervical spondylotic myelopathy or ossification of posterior longitudinal ligament.
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